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Abstract Text (1): 

Fabrication of improved low-k dielectric structures is disclosed. Low-k dielectric structures are 
fabricated while overcoming the otherwise existing problems associated with the use of low-k dielectric 
materials. In one embodiment, the physical properties of a low-k dielectric material is modified by 
exposing the low-k dielectric material to electron beams. The exposed portion of the low-k dielectric 
material becomes easier to etch and clean and exhibits greater mechanical strength and a reduction in 
absorption of moisture. In another embodiment, a number of incremental exposure and etch steps are 
performed to fabricate a desired structure. In yet another embodiment, the steps of exposure of a low-k 
dielectric material are combined with the etch steps. The exposure and the etching of the low-k 
dielectric material are performed concurrently in the same system. In still another embodiment, a single 
exposure and a single etch step are utilized to fabricate a desired structure. All the disclosed 
embodiments can be practiced by exposing the low-k dielectric material to ion beams instead of 
electron beams. 

Brief Summary Text (3): 

The present invention is generally in the field of fabrication of structures in semiconductor chips. In 
particular, the invention is in the field of fabrication of structures using low dielectric constant (" low-k ") 
material. 

Brief Summary Text (5): 

It is known in the art that a dielectric material used in the fabrication of integrated circuit structures 
should have a low dielectric constant (" low-k "). The advantages of using low dielectric constant material 
in such structures are well-known. One of the advantages is a reduction in the inter-line coupling 
capacitance between metal lines. Such capacitance causes "noise" or "crosstalk" between metal lines. 
Another advantage is the reduction of capacitance between different layers of interconnect and also a 
reduction of capacitance between a layer of interconnect to the substrate. It is known in the art that a 
lower capacitance will reduce the interconnect metal line delay, i.e. the "RC" delay. Another advantage is 
the significant decrease in power consumption resulting from the lower capacitance since the amount of 
power consumed is directly proportional to the capacitance. Thus, it is generally appreciated in the art 
that the use of low dielectric constant material in the fabrication of integrated circuit structures is 
desirable for the reasons mentioned above. 

Brief Summary Text (8): 

However, there are also problems associated with the use of lower dielectric constant material in the 
fabrication of integrated circuit structures. For example, etching low-k dielectric is difficult. Most low-k 
dielectrics are easily damaged by the etch chemistry or plasma. As an example, hydrogen silsesquioxane 
(also referred to as "HSQ") is a low-k dielectric which has been used in the fabrication of integrated 
circuits. However, the silicon-hydrogen bond in hydrogen silsesquioxane is weak and can easily be 
broken. Once the silicon-hydrogen bond is broken, the remaining material exhibits a tendency to absorb 
moisture. Also, during etching of most low-k dielectrics, polymers are generated which are hard to clean 
without etching away the low-k dielectric itself. 
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Brief Summary Text (9): 

In addition, most low-k dielectrics have poor mechanical strength. One reason poor mechanical strength 
is undesirable is because low-k dielectric may not withstand chemical mechanical polishing ("CMP"). It is 
known in the art that the CMP process is usually used to remove excess metal over the wafer surface 
after the metal has been used to create damascene structures. 

Brief Summary Text (1 0): 

Thus, problems associated with the use of a low-k dielectric material in the fabrication of integrated 
circuit structures include (a) difficulty in etching and cleaning low-k dielectric materials; (b) undesirable 
absorption of moisture; and (c) low mechanical strength of low-k dielectric materials. 

Brief Summary Text (1 1): 

It is known that when dielectric material is exposed to electron beams (E-beams) or ion beams 
(I-beams), the properties of the dielectric material can be changed. For example, a paper entitled 
"E-Beam Curing Process of Low-K Dielectrics for unlanded vias in 0.25 .mu.m CMOS Technology" by 
David Feiler, Q. Z. Liu, and Maureen R. Brongo discusses an E-beam curing process of low-k dielectrics 
for unlanded vias in a CMOS technology. It is shown in that paper that the properties of the low-k 
dielectric can be modified so as to prevent unlanded vias from penetrating too deeply into the underlying 
low-k dielectric. 

Brief Summary Text (1 3): 

A third paper entitled "Integration of Low k Spin-on Polymer (SOP) Using Electron Beam Cure for 
Non-Etch-Back Application" by Jane C. M. Hui, Yi Xu, Chow Yeog Foong, Liao Marvin, Lin Charles, and Lin 
Yih Shung discusses an E-beam curing process for spin-on glass materials in relation to spin-on 
polymer non-etch-back processing such as "via poisoning." It is shown that after E-beam exposure, the 
tested materials' properties had changed, e.g. lower moisture content, higher film density and higher 
resistance were achieved. 

Brief Summary Text (1 9): 

Although it is desirable to use low-k dielectrics for the reasons stated above, the use of low-k dielectrics 
is accompanied by various problems also discussed above. The above-discussed papers and patents 
have not overcome a number of problems associated with the use of low-k dielectrics. Accordingly, there 
is a need in the art for using low-k dielectric materials in the fabrication of integrated circuit structures 
while overcoming the various problems resulting from the use of low-k dielectric materials. For example, 
there is need to use low-k dielectric material in the recently developed damascene fabrication processes 
while overcoming the various problems resulting from the use of such material. 

Brief Summary Text (21): 

The present invention teaches fabrication of improved low-k dielectric structures. According to the 
present invention, low-k dielectric structures are fabricated while overcoming the otherwise existing 
problems associated with the use of low-k dielectric materials. The invention resolves the difficulties in 
etching and cleaning low-k dielectric materials, the undesirable absorption of moisture by low-k 
dielectric materials, and the low mechanical strength of low-k dielectric materials. 

Brief Summary Text (22): 

In one embodiment of the invention, the physical properties of a low-k dielectric material is modified by 
exposing the low-k dielectric material to electron beams. The exposed portion of the low-k dielectric 
material becomes easier to etch and clean and exhibits greater mechanical strength and a reduction in 
absorption of moisture. In another embodiment of the invention, a number of incremental exposure and 
etch steps are performed to fabricate a desired structure. 

Brief Summary Text (23): 

In yet another embodiment of the invention, the steps of exposure of a low-k dielectric material are 
combined with the etch steps. The exposure and the etching of the low-k dielectric material are 
performed concurrently in the same system. In still another embodiment, the invention utilizes a single 
exposure and a single etch step to fabricate a desired structure. All embodiments of the invention can be 
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practiced by exposing the low-k dielectric material to ion beams instead of electron beams. 
Drawing Description Text (2): 

FIG. 1 shows an initial low-k dielectric structure including a photoresist pattern. 
Drawing Description Text (3): 

FIG. 2 illustrates an incremental exposure step where the low-k dielectric is exposed to electron beams. 
Drawing Description Text (4): 

FIG. 3 illustrates an incremental etch step where the modified low-k dielectric is etched. 
Drawing Description Text (5): 

FIG. 4 illustrates an incremental exposure step where the low-k dielectric is exposed to electron beams. 
Drawing Description Text (6): 

FIG. 5 illustrates an incremental etch step where the modified low-k dielectric is etched. 
Drawing Description Text (7): 

FIG. 6 illustrates an incremental exposure step where the low-k dielectric is exposed to electron beams. 
Drawing Description Text (8): 

FIG. 7 illustrates an incremental etch step where the modified low-k dielectric is etched. 
Drawing Description Text (9): 

FIG. 8 illustrates an incremental exposure step where the low-k dielectric is exposed to electron beams. 
Drawing Description Text (10): 

FIG. 9 illustrates an incremental etch step where the modified low-k dielectric is etched. 
Drawing Description Text (11): 

FIG. 1 0 shows the structure achieved after the last incremental etch step and after stripping of the 
photoresist from the low-k dielectric. 

Drawing Description Text (12): 

FIG. 1 1 shows the final structure including the metal filling the etched portion of the low-k dielectric. 
Drawing Description Text (1 3): 

FIG. 1 2 shows an initial low-k dielectric structure including a photoresist pattern. 
Drawing Description Text (14): 

FIG. 1 3 illustrates a single exposure step where the low-k dielectric is exposed to electron beams. 
Drawing Description Text (1 5): 

FIG. 14 illustrates a single etch step where the modified low-k dielectric is etched. 
Drawing Description Text (1 6): 

FIG. 1 5 shows the structure achieved after the last single etch step and after stripping of the photoresist 
from the low-k dielectric. 

Drawing Description Text (1 7): 

FIG. 1 6 shows the final structure including metal filling the etched portion of the low-k dielectric. 
Detailed Description Text (2): 

The present invention is directed to fabrication of improved low-k dielectric structures. The following 
description contains specific information pertaining to the implementation of the present invention. One 
skilled in the art will recognize that the present invention may be implemented in a manner different 
from that specifically discussed in the present application. Moreover, some of the specific details of the 
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invention are not discussed in order to not obscure the invention. The specific details not described in 
the present application are within the knowledge of a person of ordinary skill in the art. 

Detailed Description Text (6): 

The present invention maintains the advantages of the low dielectric constant material such as lower 
inter-line coupling capacitance, lower inter-layer coupling capacitance, lower "RC" delay, and lower 
power due to lower capacitance. At the same time the disadvantages of the low dielectric constant 
material affecting the fabrication of integrated circuit structures, such as its low mechanical strength and 
the vulnerability of low-k dielectric to the etch chemistry are overcome by the method and structure 
disclosed in the present invention. Thus, the present invention makes low dielectric constant material 
easier to etch and to clean. 

Detailed Description Text (8): 

As the present embodiment of the invention's first step in fabricating damascene interconnects using a 
dielectric with a low dielectric constant, FIG. 1 shows photoresist 12 patterned on top of low-k dielectric 
1 4. Photoresist 1 2 is used to pattern a desired structure in low-k dielectric 1 4. In the present 
embodiment of the invention, low-k dielectric 1 4 can be hydrogen silsesquioxane (HSQ). FIG. 2 shows 
the application of electron beams (E-beams) 1 8 to low-k dielectric 1 4. By use of E-beams 1 8, physical 
properties of low-k dielectric 1 4 are modified. E-beams 1 8 break the bond between the silicon and 
hydrogen in hydrogen silsesquioxane, allowing the hydrogen to "escape". The material that remains after 
exposure to E-beams 1 8 is referred to as "modified low-k dielectric" or simply as "modified dielectric 
material" in the present application. The portion of the initial low-k dielectric 14 that is not affected by 
E-beams 1 8 is referred to as an "unmodified low-k dielectric" or simply as "unmodified dielectric 
material" in the present application. As will be explained in a later section of this application, modified 
low-k dielectric 1 6 which remains after application of E-beams 1 8 is substantially easier to etch and to 
clean than the initial low-k dielectric 1 4. This ease of etching and cleaning results from the fact that the 
initial low-k dielectric 1 4 becomes harder after exposure to E-beams 1 8. 

Detailed Description Text (9): 

At the outset, it is noted that it is desirable to achieve the modified low-k material using theinvention's 
method in a direction perpendicular to E-beams 1 8 incident on low-k dielectric 1 4. However, as a result 
of the invention's method, the low-k dielectric 1 4 under the photoresist is modified laterally to a certain 
extent. This phenomenon is referred to as "lateral encroachment" in the present application. It is 
desirable to limit lateral encroachment of modified low-k dielectric 1 6 into low-k dielectric 1 4 because 
modified low-k dielectric 1 6 has a higher dielectric constant than low-k dielectric 1 4. As discussed 
above, the higher dielectric constant of the modified low-k dielectric 1 6 increases the intra-line 
capacitance. As also discussed above, this results in undesirable "noise" between lines, an increased "RC" 
delay, and higher power consumption. 

Detailed Description Text (1 0): 

In a manner explained below, the present embodiment limits lateral encroachment. In the present 
embodiment E-beams 1 8 are used to modify low-k dielectric 1 4 in a number of incremental exposure 
steps where each incremental exposure step is followed by a corresponding incremental etch step. FIGS. 
2 through 9 illustrate the above-mentioned incremental exposure and etch steps that are taken in order 
to modify low-k dielectric 1 4 to arrive at the final structure of the invention. The exemplary number of 
incremental exposure steps discussed to explain the present embodiment of the invention is four. 
Likewise, the corresponding number of incremental etch steps discussed to explain the present 
embodiment is also four. It is appreciated by a person of ordinary skill in the art that the number of 
incremental exposure and etch steps can be varied without departing from the spirit and scope of the 
present embodiment of the invention. For example, the number of incremental exposure and etch steps 
can be eight or greater. 

Detailed Description Text (11): 

As stated above, after the first of four incremental exposure steps, low-k dielectric 1 4 is modified and 
becomes modified low-k dielectric 1 6 to a certain depth. The lateral encroachment can be about 
one-half the depth of modified low-k dielectric 1 6 for this incremental exposure step. The present 
embodiment of the invention limits the lateral encroachment of modified low-k dielectric 1 6 into low-k 
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dielectric 14 resulting from an E-beam incremental exposure step. 
Detailed Description Text (1 2): 

The present embodiment of the invention uses low-power E-beams 18. Lower power E-beams are used 
to modify low-k dielectric 1 4 in a number of incremental exposure steps. The lower power E-beams 
permit this embodiment of the invention to modify low-k dielectric 1 4 in small incremental steps since, 
due to their relatively low power, the E-beams do not penetrate as deeply as they otherwise would. 

Detailed Description Text (1 3): 

Referring to FIG. 2, a specific example of the present embodiment of the invention is now discussed. FIG. 
2 illustrates the first of four incremental exposure steps in the present exemplary embodiment. During 
this step low-k dielectric 1 4 is exposed to a small amount of E-beams 1 8 generated by a low power 
E-beam source. The area o f low-k dielectric 1 4 which is exposed to E-beams 1 8 is also referred to as a 
"target area" in the present application. The E-beam source is not shown in any of the Figures. However, 
commercial E-beam sources are readily available and in fact one advantage of utilizing an E-beam 
source in the present embodiment is that, because of their wide availability, E-beam sources are 
relatively inexpensive. Due to exposure to E-beams 1 8, low-k dielectric 1 4 is modified down to a certain 
depth. This depth achieved as a result of the first incremental exposure step is generally referred, to in 
FIG. 2 by numeral 1 9. Thus, depth 1 9 is the depth of modified low-k dielectric 1 6 achieved at the end 
the first exposure step. 

Detailed Description Text (14): 

As discussed above, as a by-product of the incremental exposure step, modified low-k dielectric 16 can 
encroach laterally under photoresist 1 2. The amount of lateral encroachment of modified low-k dielectric 
1 6 is generally pointed to by numeral 1 7 in FIG. 2 and the modified low-k dielectric which is extended 
under photoresist 1 2 is referred to as the laterally modified low-k in the present application. 

Detailed Description Text (1 5): 

In the present example, after the first of four incremental exposure steps, depth 1 9 of modified low-k 
dielectric 1 6 is about 0.1 microns. In this example, lateral encroachment 1 7 of modified low-k dielectric 

16 under photoresist 1 2 would be about one-half of the 0.1 microns depth, i.e., about 0.05 microns. 

Detailed Description Text (1 6): 

Referring to FIG. 3, the first of four incremental etch steps is then performed on the structure achieved at 
the end of the first incremental exposure step. The result of this incremental etch step is shown in FIG. 
3. The first incremental etch step removes most of modified low-k dielectric 1 6 in the vertical direction, 
but does not remove a significant amount of the laterally modified low-k dielectric 1 6 which has 
encroached under photoresist 1 2 (the amount of such lateral encroachment was referred to by numeral 

17 in FIG. 2). The etchant used in this first incremental etch step as well as the remaining incremental 
etch steps in the present embodiment is a fluorine based plasma, for example, CF.sub.4 or CH.sub.2 
F.sub.2. The portion of modified low-k dielectric 1 6 which is removed during an incremental etch step is 
referred to as an "etched portion" in the present application. 

Detailed Description Text (1 7): 

Referring to FIG. 4, a second incremental exposure step is performed. As shown in FIG. 4, after the 
second of four incremental exposure steps, depth 1 9 of modified low-k dielectric 1 6 increases to about 
0.2 microns, i.e., depth 19 has increased by another 0.1 microns. However, as shown in FIG. 4, lateral 
encroachment 1 7 has remained constant at about 0.05 microns. 

Detailed Description Text (1 8): 

Referring to FIG. 5, the second of four incremental etch steps is then performed on the structure 
achieved at the end of the second incremental exposure step. The result of this incremental etch step is 
shown in FIG. 5. The second incremental etch step removes most of modified low-k dielectric 1 6 in the 
vertical direction, but does not remove a significant amount of the laterally modified low-k dielectric 16 
which has encroached under photoresist 1 2 (the amount of such lateral encroachment was referred to by 
numeral 1 7 in FIGS. 2 and 4). 
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Detailed Description Text (1 9): 

Referring to FIG. 6, after the third of four incremental exposure steps, depth 1 9 of modified low-k 
dielectric 1 6 is about 0.3 microns, i.e., depth 1 9 has increased by another 0.1 microns. However, lateral 
encroachment 1 7 has still remained constant at about 0.05 microns. 

Detailed Description Text (20): 

Referring to FIG. 7, the third of four incremental etch steps is then performed on the structure achieved 
at the end of the third incremental exposure step. The result of this incremental etch step is shown in 
FIG. 7. As with the previous incremental etch steps, the third incremental etch step removes most of 
modified low-k dielectric 1 6 in the vertical direction, but does not remove a significant amount of the 
laterally modified low-k dielectric 1 6 which has encroached under photoresist 1 2 (the amount of such 
lateral encroachment was referred to by numeral 1 7 in FIGS. 2, 4, and 6). 

Detailed Description Text (21): 

FIG. 8 shows the last incremental exposure step in the present example implementation of the present 
embodiment of the invention. Referring to FIG. 8, after the last of four incremental exposure steps, depth 
1 9 of modified low-k dielectric 1 6 is about 0.4 microns, i.e., depth 1 9 has increased by another 0.1 
microns. However, lateral encroachment 1 7 has remained constant at about 0.05 microns. 

Detailed Description Text (22): 

Referring to FIG. 9, the fourth (and the final) incremental etch step in this example implementation of the 
present embodiment of the invention is then performed on the structure achieved at the end of the 
fourth incremental exposure step. The result of this incremental etch step is shown in FIG. 9. As with 
previous incremental etch steps, the fourth incremental etch step removes most of modified low-k 
dielectric 1 6 in the vertical direction, but does not remove a significant amount of the laterally modified 
low-k dielectric 1 6 which has encroached under photoresist 1 2 (the amount of such lateral 
encroachment was referred to by numeral 1 7 in FIGS. 2, 4, 6, and 8). As with the previous incremental 
etch steps, the etchant used in this final incremental etch step is a fluorine based plasma, for example, 
CF.sub.4 or CH.sub.2 F.sub.2. FIG. 9 shows that after the last step of the process described above, the 
ultimate target depth 19 is achieved. 

Detailed Description Text (23): 

Referring to FIG. 10, the next step in the present embodiment of the invention is described. In this step, 
photoresist 1 2 is stripped using a conventional oxygen plasma or hydrogen plasma or forming gas 
(H.sub.2 /N.sub.2) in a manner well known in the art. 

Detailed Description Text (24): 

Referring to FIG. 1 1 , the next and last step in the present embodiment of the invention is described. In 
this step the etched portion of modified low-k dielectric 1 6 is filled with metal 20 in a manner well 
known in the art. Metal 20 can be copper, aluminum, or another metal. After filling the etched portion of 
modified low-k dielectric 16 with metal, a chemical mechanical polish ("CMP") is performed to remove 
the excess metal from the surface of the low-k dielectric. As stated above, modified low-k dielectric 16 
exhibits good mechanical strength and results in proper completion of the CMP process. 

Detailed Description Text (25): 

In the present application, the side or surface of modified low-k dielectric 1 6 which interfaces metal 20 
is referred to as a "first surface" of modified low-k dielectric 1 6 while the side or surface of modified 
low-k dielectric 1 6 which interfaces unmodified low-k dielectric 14 is referred to as a "second surface" 
of modified low-k dielectric 1 6. 

Detailed Description Text (26): 

In another implementation of the present embodiment of the invention the step of exposure of low-k 
dielectric 1 4 to E-beams 1 8 could be "combined" with the etch step. The exposure and the etching could 
be performed with the same tool in the same system. Performing the exposure and the etching with the 
same tool in the same system means that the number of incremental exposure and etch steps can be 
increased as much as desired. The system would perform very fine incremental exposure and etch steps. 
In this way lateral encroachment 1 7 of modified low-k dielectric 1 6 into low-k dielectric 1 4 could be 
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minimized even further. 
Detailed Description Text (27): 

Thus it is seen that the present embodiment of the invention maintains the advantages of the low 
dielectric constant material, including lower intra-line coupling capacitance, lower intra-layer coupling 
capacitance, lower "RC" delay, and lower power consumption due to the lower capacitance. At the same 
time, the low dielectric constant material becomes easier to etch and to clean. Moreover, the method and 
structure disclosed in the present embodiment of the invention improves the mechanical strength of the 
low-k dielectric material and also overcomes the vulnerability of the low-k dielectric material to various 
etchants. 

Detailed Description Text (29): 

According to this embodiment of the invention, the process of modifying a low-k dielectric material can 
be performed in a single exposure step and a single etch step instead of a number of incremental steps. 
As the present embodiment of the invention's first step in fabricating damascene interconnects using a 
dielectric with a low dielectric constant, FIG. 1 2 shows photoresist 22 patterned on top of low-k - 
dielectric 24. Photoresist 22 is used to pattern a desired structure in low-k dielectric 24. As with the 
previous embodiment described above, in the present embodiment of the invention, low-k dielectric 24 
can be hydrogen silsesquioxane (HSQ). FIG. 1 3 shows the application of electron beams (E-beams) 28 to 
low-k dielectric 24. By use of E-beams 28, physical properties of low-k dielectric 24 are modified. 
E-beams 28 break the bond between the silicon and hydrogen in hydrogen silsesquioxane, allowing the 
hydrogen to "escape". The material that remains after exposure to E-beams 28 is referred to as 
"modified low-k dielectric", and is generally referred to in FIG. 1 3 by the numeral 26. As explained 
above, modified low-k dielectric 26, which remains after application of E-beams 28 is substantially 
easier to etch and to clean than the initial low-k dielectric 24. 

Detailed Description Text (30): 

The present embodiment of the invention uses high energy E-beams 28. High energy E-beams are used 
to modify low-k dielectric 24 in one exposure step. The high energy E-beams permit this embodiment of 
the invention to modify low-k dielectric 24 in one step since, due to their relatively higher energy, the 
E-beams penetrate deep into low-k dielectric 24. 

Detailed Description Text (31): 

Referring to FIG. 1 3, a specific example of the present embodiment of the invention is now discussed. 
FIG. 1 3 illustrates the single exposure step in the present exemplary embodiment. During this step 
low-k dielectric 24 is exposed to E-beams 28 generated by a high-energy E-beam source. The E-beam 
source is not shown in any of the Figures. However, commercial E-beam sources are readily available 
and in fact one advantage of utilizing an E-beam source in the present embodiment is that, because of 
their wide availability, E-beam sources are relatively inexpensive. Due to exposure to E-beams 28, low-k 
dielectric 24 is modified down to a certain depth. This depth achieved as a result of the exposure step is 
generally referred to in FIG. 1 3 by numeral 29. Thus, depth 29 is the depth of modified low-k dielectric 
26 achieved after the single exposure step of the present embodiment. 

Detailed Description Text (32): 

As discussed above, as a by-product of the exposure step, modified low-k dielectric 26 can encroach 
laterally under photoresist 22. The amount of lateral encroachment of modified low-k dielectric 26 is 
generally pointed to by numeral 27 in FIG. 1 3 and the modified low-k dielectric which is extended under 
photoresist 22 is referred to as the laterally modified low-k in the present application. 

Detailed Description Text (33): 

In the present exemplary embodiment depth 29 of modified low-k dielectric 26 is about 0.4 rnjerons 
after the single exposure step. Lateral encroachment 27 of modified low-k dielectric 26 under' 
photoresist 22 would be about one-half of the 0.4 microns depth, i.e., about 0.2 microns. 

Detailed Description Text (34): 

Referring to FIG. 1 4, the etch step is then performed on the structure achieved at the end of the 
exposure step. The result of this etch step is shown in FIG. 14. The first incremental etch step removes 
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most of modified low-k dielectric 26 in the vertical direction, but does not remove a significant amount 
of the laterally modified low-k dielectric 26 which has encroached under photoresist 22 (the amount of 
such lateral encroachment was referred to by numeral 27 in FIG. 1 3). The etchant used in this etch step 
in the present embodiment is a fluorine based plasma, for example, CF.sub.4 or CH.sub.2 F.sub.2. 

Detailed Description Text (35): 

Referring to FIG. 1 5, the next step in the present embodiment of the invention is described. In this step, 
photoresist 22 is stripped using a conventional oxygen plasma or hydrogen plasma or forming gas 
(H.sub.2 /N.sub.2) in a manner well known in the art. 

Detailed Description Text (36): 

Referring to FIG. 1 6, the next and last step in the present embodiment of the invention is described. In 
this step the etched portion of modified low-k dielectric 26 is filled with metal 30 in a manner well 
known in the art. Metal 30 can be copper, aluminum, or another metal. After filling the etched portion of 
modified low-k dielectric 26 with metal, a chemical mechanical polish ("CMP") is performed to remove 
the excess metal from the surface of the low-k dielectric. As stated above, modified low-k dielectric 26 
exhibits good mechanical strength and results in proper completion of the CMP process. 

Detailed Description Text (37): 

Thus, it is seen that according to this embodiment of the invention, the process of modifying a low-k 
dielectric material is performed in a single exposure step and a single etch step. 

Detailed Description Text (38): 

As explained above, the present invention discloses a method for using dielectrics with a low dielectric 
constant in semiconductor chips while overcoming the disadvantages associated with the use of such 
dielectrics. The advantages of using low-k dielectric material in the fabrication of integrated circuit 
structures, such as lower inter-line capacitance, lower inter-layer coupling capacitance, lower "RC" delay, 
and lower power consumption due to lower capacitance, are maintained. At the same time the 
disadvantages of using low-k dielectric material in the fabrication of integrated circuit structures, such 
as the difficulty in etching and cleaning of the low-k dielectric material, and the difficulty in performing 
the CMP process due to the low mechanical strength o f low-k dielectric material are overcome by the 
method disclosed in the present invention. 

Detailed Description Text (39): 

From the above description of the invention it is manifest that various techniques can be used for 
implementing the concepts of the present invention without departing from its scope. For example, the 
E-beam source can be replaced with an Ion Beam ("l-Beam") source. In that case, l-Beams, instead of 
E-beams could be used to implement the present invention. Also, various low-k dielectrics other than 
HSQ, which was used merely as an example in the present application, can be used. Furthermore, the 
various dimensions and sizes specifically mentioned in the present application can be varied without 
departing from the scope of the present invention. 

Detailed Description Text (41): 

Thus, fabrication of improved low-k dielectric structures has been described. 



8 of 8 



3/23/03 4:54 PM 



